Universal active current-mode filters with single input and three outputs are presented. The proposed filters avoid the use of external feedback in any part of the circuit and use grounded resistors and grounded capacitors. The proposed circuits can simultaneously realize lowpass, highpass, and bandpass filter functions.
INTRODUCTION
At present there is a growing interest in designing current-mode current-conveyor-based active filters. This is attributed to their higher signal bandwidths, greater linearity and larger dynamic range [1] . Thus a number of circuit realizations for universal current-mode filters were proposed [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A critical study shows that some of these circuits use grounded resistors and capacitors [2] [3] [4] [5] [6] [7] , other circuits use floating resistors and/or capacitors [8] [9] [10] [11] . The In order to avoid the possible instability problems that may arise due to the employment of external feedback, it is necessary to avoid using external feedback throughout the whole circuit. Also it would be attractive for integration if a proposed implementation, avoiding the employment of external feed back, can be realized using grounded resistors and capacitors. It is the purpose of this paper to present such a realization.
PROPOSED CIRCUITS
The proposed circuits are shown in Figure 1 Equation (1) From (4)- (7) one can see that the parameters a;o and can be adjusted by tuning, grounded resistors and/or capacitors.
SIMULATION RESULTS
To verify their operation, the proposed circuits have been simulated using Pspice. The CCII+ has been simulated using an operational amplifier together with current mirrors composed of transistor arrays [12] and the CCI-has been simulated using the translinear CC implementation [13] . The 
